8.
Flow charts showing Key mode 5 (data reduction key)... 15 9.
Flow charts shoving Key mode 6 '(filtering key)........ i c 10.
F-ow charts shoving Key mode 7 (x-y plot key).........
INTRODUCTION
The dipole-dipole induced polarization (IP) technique has been described in most geophysical exploration text books (see, for example, Telford and others, 1975, p. 702-735) . IP data are generally presented as either pseudosections or multilevel profiles. In most cases, these methods of presentation are not desirable because the most anomalous values are displaced laterally and do not coincide with the source body.
A new technique of IP mapping (Fraser, 1981 ) provides a qualitative presentation of dipole-dipole IP data in map form and includes three averaging filters suitable for different types of IP sources.
Any selected filter yields a single value per station; this value reflects data from all levels of the pseudosection. If these values are plotted, the most anomalous values calculated from the pseudosections overlie the source body.
Because IP data produced in a survey along a single profile are generally presented in at least three pseudosections I/ U.S. Geological Survey Mission, Jiddah, Saudi Arabia 1 (apparent resistivity, percent frequency effect or chargeability, and metal factor), the manual application of these filters to the pseudosections of a surveyed IP profile is time consuming and impractical.
For this reason, a computer program was designed to carry out the following operations:
1. Reduce IP field results and calculate pseudosections of either resistivity, percent frequency effect or chargeability , metal factor, or phase.
2. Apply any of the three filters suggested by Fraser (1981) .
3. Allow single or overlapped x-y plotting of the filtered data or any selected level in a particular pseudosection.
ALGORITHM

Reduction
The computer program allows the user to reduce dipoledipole IP field data to yield the quantities: resistivity ( p) , percent frequency effect (PFE) or chargeability (M), and metal factor (MF).
The potential difference, AV, measured between two-receiver electrodes ( fig. 1 ) when a current I is passed between the two current electrodes is given by AV = nv 2irG where p is the resistivity of the ground and G is the geometric factor 1 G = 1 ' k n n+1 n+2 where n represents the number of IP levels. ( Telford and others, 1975, p. 716 ).
If V is expressed in millivolts, then K is divided by 1,000.
The computer program enables the user to reduce the following three types of IP dipole-dipole field data.
Time-domain IP
If a direct-current pulse, I, is transmitted between the two current electrodes ( fig. 1) , then the measured quantities at the receiver will be AV (primary received voltage) and M. The direct-current resistivity, P DC» is S iven by
and' the metal factor is expressed as The traditional frequency-domain method produces percentfrequency effect as the measured quantity (Telford and others, 1975) .
This quantity is equivalent to chargeability in the time-domain IP and is defined as
ITEpafl
According to Parasnis (1979) , the metal factor is given either as MF = 1000 PFE/ p Si or as MF = 1000 PFE/CP 72*).
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(b) Phase IP More recently, a second method of IP measurement in the frequency domain has come into use; in this method, the phase angle, <j> , between the measured voltage in the ground and the primary current is measured. Zong and others (1972) and Hallof (1974) showed the general equivalence between the phase angle measured at a specific frequency in the IP range and the percent-frequency effect measured at two frequencies spanning this range. Moreover, they were able to use a single frequency to obtain percent frequency effect rather than two sequential frequencies, as in standard IP frequencydomain techniques.
In the phase-IP method, the quantities actually measured by using specifically manufactured receivers, such as the Scintrex IPRF2*, are as follows.
The apparent resistivity, p , using single frequency, defined as a K(AV) T (ii) The PFE, defined as where AI and AS are the amplitudes of the fundamental and third harmonic ground signal, respectively.
(iii)
The phase defined as the phase angle between the measured voltage, AV, and the primary current, I.
Some receivers also measure the relative phase shift (EPS). This quantity is defined as where 4> i and $3 are the phase angle of the fundamental and .third harmonic, respectively, relative 'to the transmitted component of the current.
(iv) The metal factor calculated as MF = 1000 x PFE/( p /2O a *Use of specific manufacturers' names does not constitute endorsement by the U.S. Geological Survey and is used for information purposes only.
Filtering
Eraser (1981) suggested three types of IP filters, each of which provides a single IP value per station for any given dipole-dipole IP pseudosection.
Average levels filter
This filter ( fig. 2A ) is a simple averaging filter that is applied to each level. The average of two adjacent values is taken for the second level, that of three values for the third level, and so forth. The first level remains the same. The shape of the window filter was chosen to crudely approximate the pseudosection anomaly pattern that commonly results from thin, steeply dipping bodies.
Final output for each point is the average of the averages for all levels.
Total average filter
This filter is equivalent to a simple application of the arithmetic average of all values in the triangular window ( fig. 2B ). Because more points come from the deeper levels, the output of this filter is progressively weighted toward the deeper levels of the pseudosection. This shift could be an advantage if the target body is evident only on the deeper levels.
3» Average of triangle sides filter
This filter provides a simple arithmetic average of all the values in the window ( fig. 2C ). Its primary disadvantage is that its output can oscillate if a single large value occurs on one of the deeper levels of the input pseudosection.
The program allows the user to move any one of these three filters over any given IP pseudosection and to obtain a single IP value per station.
If some stations within a window have no values, for exampla, at the ends of lines where data are typically absent on the deeper levels ( fig. 2) , then the average of fewer values will be considered.
COMPUTER PROGRAM Description
The program (appendix 1) was written specifically for use with the Hewlett Packard (HP) model 85. This machine is extensively used either as an individual minicomputer or coupled with other devices such as field geophysical equipment. The program was written in BASIC and can be modified to operate on any other machine that uses the same computer language.
Conversion of the plotting subprograms may be some- what difficult, inasmuch as many of the plotting commands are not unique in all devices.
The program is conversational and allows the user a wide degree of latitude as to data input, filters, and plotting, simply by answering prompted questions.
The pseudosection, the filtered data, and a simple or complex x-y plot of the previous data are computed during program execution. The maximum number of dipoles (M) is 50, and the maximum number of levels (N) is 6.
These values are suitable for use with most of IP field surveys. However, these values can be changed if the computer used has sufficient memory capability.
Operation
The program is operated using eight independent key modes. Each key mode includes one or more specially designed subprograms. The user can carry out one specific operation per key mode, such as data input, filtering, printing, storage, and so forth.
Key mode 1 (input key)
Key mode 1 allows the user to input IP data from either the keyboard or a tape file. The subprogram prompts the user, for file name, area, line, and other information used to identify the input data. The input IP data itself may exist in any of the following forms:
(a) Reduced IP pseudosection data (time or frequency domain). These will be stored in R, F, K and P arrays, for resistivity, chargeability or percent frequency effect, metal factor, and phase or relative phase shift, respectively.
(b) Nonreduced IP pseudosection data (time or frequency domain) obtained from field surveys. These will be stored in R, F, K or P arrays.
(c) Filtered profile data obtained from any of the R, F, K or P pseudosections. These . will-be stored in array W.
An explanation of IP data input entry is shown on figure 3. The operation of key mode 1 is illustrated on the flow chart ( fig. 4) , and an example is provided in appendix 2. (b) Frequency-domain IP data, which are measured by using one frequency and include phase-shift measurements. The apparent resistivity and metal factor are also calculated by using a single set of Vp and I values. programs, each of which allow the application of one of the three filters suggested by Fraser (1981) . The outputfiltered data are printed automatically during operation of the key. Key mode 6 is explained in the flow chart ( fig. 9) , and an example is shown in appendix 2.
Key mode 7 (x-y plot key)
Key mode 7 allows the user to produce either a simple or complex x-y plot of either any level of any specific pseudosection or any filtered data stored in array W.
The plot is produced on the screen, and a copy can be made on the thermal printer. The key mode allows the user a wide range of plot specifications in both the x-and ydimensions.
The operation of key mode 7 is illustrated on the flow chart ( fig. 10) , and an example is shown in appendix 2.
Key mode 8 (stop key)
Key mode 8 allows the user to stop program execution.
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